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Abstract 
The allocation of contingency reserves is discussed in the electricity market. Three typical methods—the sequence 
allocating method, the allocating based the number of forced outages and the allocating based maximum output of 
large generators online each hour are introduced and their merits and shortcomings are analyzed and compared. On 
this basis the influence of various methods upon the provision of contingency reserves in units is illustrated with an 
example. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
The power ancillary service market is built in the world, and one of its main purposes is the commodity 
price can reflect its cost accurately, and the causer pays costs. This can effectively break monopoly, 
dispatch resources more appropriately, improve the utilization ratio of resources and foster the 
harmonious expansion of the power industry and society, economics and environment. The market modes 
are various, for example, the energy market and ancillary service market are independent with each other 
in New England, New York and California. Ancillary services include frequency regulation, reserve, 
energy imbalance, black-start, reactive power and voltage support and so on. According to the different 
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responding rates, the reserve can be generally classified as 10min spinning reserve, 10min non-spinning 
reserve, 30min running reserve, 60min running reserve and standby reserve. The basis for the 
classification can be others, such as the role of the reserve. Contingency reserve[1] is one kind of the 
reserve which can maintain the balance between supply and demand when large generating sets or 
transmission lines are out of order. Its capacity is supplied by spinning reserve and part of non-spinning 
reserve. 
In ancillary service market, the service costs are generally charged from customers and customers will 
share the costs. The method is simple and easy to settle accounts, but it ignores the basic principle[2] of 
payment that causers pay, and is bad for the fair competition among customers and the stable development 
of the market. For an example, take contingency reserve, its demanders are large generating sets or 
transmission lines according to its definition, but the objects charged are now transmission lines. 
Therefore, the allocation methods of contingency reserve are studied in the paper, the allocation of 
reserve capacity is equivalent to the allocation reserve costs. We analysis and compare three different 
allocation methods and identify their equity which means the causers pay costs, and the more reserve 
needs of a causer are, the more costs it pays. The difference, the merits and demerits and their 
applicability among methods are demonstrated by examples. It should be noted for the sake of brevity the 
causers in the examples are units. If the causers are transmission lines or the mixture of both, the below 
methods can be also applied. 
An appropriate allocation method of contingency reserve can make the suppliers of contingency 
reserve pit the maintain costs of old generators and the investment costs of new generators against the 
failure rates of the power system. 
2. The Allocation Methods of Reserve 
The suppliers of contingency reserve are units which can increase or decrease their outputs quickly, or 
Interruptible loads. 
The western electricity coordinating council(WECC) prescribes the minimal contingency reserve 
needed by control areas is “a number of spinning reserves or non-spinning reserves which can conform 
the power system to the standard of north American electric reliability council(NERC) or disturbance 
control standard(DCS)”. The specific number is bigger than the maximum contingency reserve or the sum 
of 5% of hydroelectric generating units’ load and 7% of other units’ load, or the maximum needed 
capacity when an unexpected online fault occurs. 
In our country, the dispatch rules made by the National Dispatch Center in 1999 stipulate reserve 
capacity as follows: the reserve capacity of a load is 2%-5% of the maximum generate electricity, a 
bigger value is applied to a small system, and a smaller value is applied to a big system. 
It is assumed that the reserve demand of the area studied has known according the above rules, and the 
transmission loss is ignored. There are three allocation methods: the sequence allocation method, the 
allocation on the basis of the number of a unit blackout, the allocation based on the maximum output of a 
large-scale online unit in per hour. 
2.1 The sequence allocation method 
It is supposed that the total demands of contingency reserve are the rated capacity of the maximum unit. 
The hypotheses can ensure the security of the system even if a unit with the maximum capacity produces 
a fault suddenly. The implied presupposition is the system complies with a rule that a maximum single 
unexpected fault occurs at any time. 
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 The reserve demands can be allocated by all units of the studied system in some order. The standard is 
1) Part of reserve demands corresponding to the capacity of the minimum unit are average allocated 
among all units. 2) The capacity difference between the smallest unit and the second-smallest unit is 
average allocated among all units except the smallest unit. 3) And so on. 
There are seven units which undertake the contingency reserve in the studied system. Their identifiers 
are A、B、C、D、E、F and G, respectively, and their rated capacity is 500MW、400MW、300MW、
300MW、 200MW、 200MW and 200MW, respectively. According to the above hypothesis, the 
contingency reserve demands of the system are 500MW. Relying on the allocation principle, 1) 200MW 
of 500MW should be allocated by the seven units, and the allocation share of each unit is about 29MW. 2) 
100MW of the remaining 200MW should be undertaken by four units, and the share of each unit is 
25MW. 3) The remaining 100MW is untaken by unit A and B, the share of each unit is 50MW. 4) The 
last 100MW is shared by unit A alone. 
In the example, the total reserve supplied by unit A is 204MW which is 40.8% of the reserve demands. 
Similarly, the total reserve supplied by unit B is 104MW which is 20.8% of the reserve demands. The 
total reserve supplied by unit C and D is 54MW which is about 10.8% of the reserve demands. The total 
reserve supplied by unit E, F and G is 29MW. So it does seem that the main feature of the method is the 
reserve allocation share of a unit is related to its rated capacity, and the bigger the unit’s rated capacity is, 
the more it shares the reserve, and vice versa. The allocation cost of each unit is the produce of the 
reserve capacity taken by the unit and the marginal clearing price of its reserve market. The method 
makes small-scale units also take responsibility for the reserve. 
2.2 The allocation on the basis of the number of a unit blackout 
The method also means that the cost of contingency reserve is allocated on the basis of the frequency 
of unit blackout. 
    It is supposed that during a given period, the blackout statistic times of the above seven units are two 
times, two times, one time, one time, zero time, zero time and one time. According to the allocation 
method, the allocation cost of the unit is about 28.6%、28.6%、14.3%、14.3%、0%、0% and 14.3%, 
respectively.
    The idea of the method is that a contingency is the direct cause of the reserve demands, so on the 
principle that a contingency reserve cost undertaker just the unit which should be responsible for the 
blackout, the total reserve costs should be allocated on the basis of the frequency of unit blackout. It is 
fair for all possible liability subjects because the contingency reserve demand isn’t needed if all 
equipments are running properly. 
     But the method has some flaws. First, the large fault is incidental and it is difficult to be ascertained in 
advance. So, the allocation results of the method are stochastic and also ascertained difficultly in advance. 
Second, the method is simple, but it needs the blackout statistics and has to analyze the cause of a 
blackout and judge if it is a contingency. Third, the reserve demands are usually determined in advance in 
most power system. If the demands are identified as the capacity of the largest-scale unit, and a small-
scale unit produces a failure. The needs of contingency reserve are smaller than the given reserve capacity, 
which will waste the unit capacity and be unfair for the reserve cost undertakers. 
2.3 The allocation based on the maximum output of a large-scale online unit in per hour 
     The minimum contingency reserve capacity needed by the power system in a given period is supposed 
to be the capacity demand which is needed when the maximum online contingency is occurred. So, the 
maximum capacity of online units in the given period needs to be recorded. On the reserve studied in the 
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paper, the allocation cost basis of each unit is the product of the run hours of a unit which is the largest 
online unit and the production costs per hour when the unit fault is the maximum single contingency. It 
should be noted that the largest unit means the largest is the output of the unit, not the rated capacity. 
Therefore, it is different to implement the method when the actual output of a unit is large different from 
its rated capacity. 
     The allocation is calculated with the above example. It is supposed that the actual maximum output of 
unit A is 425MW in the given period. The demand of contingency reserve is 425MW if the unit breaks 
down. According to the statistics, in the given period the contribution to contingency reserve of units are 
48%，14%，14%，10%，10%，0%和 4%, respectively. 
      The method is convenient for implementation and understanding, and the online measure of the units’ 
outputs is easy too. But the production costs per hour of the unit which fault is the maximum single 
contingency need to be determined. And the element considered is only the actual running capacity of the 
unit, No involvement of the rated capacity of a unit. 
3. The analysis and compare of three allocation methods 
There are two indexes which are used to compare the three allocation methods. One is the losing 
capacities of units which are supplied for contingency reserve. The other is the contribution of each unit 
for the maximum single contingency which is based on the reserve demands principle of each method. 
The compare results are shown in Table1. 
Table 1  The compare of the cost allocation methods 
The first method The second method The third method 
unit 
Index 1/MW Index 2/% Index 1/MW Index 2/% Index 1/MW Index 2/% 
A 204 40.8 142.8 28.6 204 48 
B 104 20.8 142.8 28.6 59.5 14 
C 54 10.8 71.4 14.3 59.5 14 
D 54 10.8 71.4 14.3 42.5 10 
E 29 5.8 0 0 42.5 10 
F 29 5.8 0 0 0 0 
G 29 5.8 71.4 14.3 17 4 
4. Conclusion 
In the power market, the fair competition among market participants can be realized by keeping the 
principle of payment that causers pay. According to the definition of contingency reserve, the root cause 
of creating the reserve needs is the fault of a unit or a tie-line. So the payers who pay for the reserve needs 
should be the broken-down unit or tie-line, not be all customers. 
Three typical reserve allocation methods are analyzed in the paper, which allocate the reserve capacity 
among liability subjects. It corresponds to the allocation of reserve cost. Different methods have their 
advantages and disadvantages, and their applicability. Under specific market conditions and based on 
different considerations, if an appropriate allocation method is chosen, it is favorable for the fair 
competition in the power market and can bring into play the enthusiasm of participants. 
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